The present knowledge of the structure of the photon based on measurements of photon structure functions is discussed. This review covers recent results on QED structure functions and on the hadronic structure function F 2 .
INTRODUCTION
One of the most powerful tools to investigate the structure of quasi-real photons is the measurement of photon structure functions in deep inelastic electron-photon scattering. At e + e ? colliders, one of the beam electrons radiates a highly virtual photon, described by its negative four-momentum squared Q 2 , that interacts with a quasi-real photon (P 2 0) radiated o the second beam electron probing the structure of the quasi-real photon. This process can be regarded as the scattering of an electron o a quasi-real photon. The deep inelastic electron-photon scattering cross-section may be expressed in terms of structure functions as (1) By measuring the deep inelastic electron-photon scattering cross-section the photon structure function F 2 can be obtained which is proportional to the parton content of the photon and therefore reveals the structure of the photon. The variables x and y are the usual dimensionless variables of deep inelastic scattering and is the ne structure constant. The event selection ensures that y is very small (y 1), so the contribution of the term proportional to F L (x; Q 2 ) is usually neglected. The negative four-momentum squared Q 2 is determined with good precision by measuring the energy and the scattering angle of the electron radiating the highly virtual photon. For the determination of x the measurement of the invariant mass W of the photon-photon system is necessary. The invariant mass W and thus x can be accurately measured in case of + ? nal states, studied for the determination of QED structure functions. But for hadronic nal states the measurement of W is a source of signi cant uncertainties since the measured invariant mass of an event is usually smaller than the true one. Thus all LEP experiments use unfolding methods to relate the measured x distribution to the true one for the determination of the hadronic structure function F 2 .
Measurements of photon structure functions have by now a tradition of almost 20 years since the rst F 2 was obtained by PLUTO 1] . The LEP accelerator is a unique place for the measurements of photon structure functions because of the large accessible Q 2 range owing to the various beam energies covered at LEP. up to values of close to one. All measurements are well described by the QED predictions. The LEP data are even precise enough to study the e ect of the small virtuality of the quasi-real photon and it has been demonstrated that the QED calculations assuming P 2 0 yield a too large F 2;QED compared to the data.
THE QED STRUCTURE FUNCTIONS
By measuring the azimuthal angle between the plane containing the muon pair and the plane containing the incoming quasi-real photon and the deep inelastic scattered electron measurements of the structure functions F A;QED and F B;QED are possible. F A;QED and F B;QED enter in a more di erential parametrisation of the deep inelastic electron-photon scattering cross-section and are not accessible in the cross-section measurement. Azimuthal correlations based on measurements of the distribution were also investigated by all four LEP collaborations 2{4,6].
THE HADRONIC STRUCTURE FUNCTION F 2
The measurement of the hadronic structure function F 2 has attracted a lot of interest at LEP over the last years. In contrast to F 2;QED , F 2 describes the pointlike as well as the hadron-like component of the photon structure. Two distinct features of the photon structure are of special interest. On the one hand the shape of F 2 is measured as a function of x at xed values of Q 2 . Particular emphasis is put on measuring the low-x behaviour of F 2 since a rise towards small x is expected due to the hadron-like component of the photon similar as in the case of the proton structure function measured at HERA. On the other hand, the evolution of F 2 with Q 2 at medium x is investigated that is predicted by QCD to show a logarithmic rise. The LEP collaborations have measured F 2 in the range 1:86 < hQ 2 i < 400 GeV 2 and x > 0:002 8,5,9{11]. Fig. 2 shows the world data of F 2 as a function of x in di erent bins of hQ 2 i (see Ref. 7] and references therein). F 2 is found to rise smoothly towards large x as F 2;QED , but the predicted rise towards low x which has been investigated by OPAL and L3 at small values of hQ 2 i can not be established yet (Fig. 2 a and b) . Due to improved Monte Carlo programs the systematic errors due to model dependent uncertainties are not the dominant errors any more. The total systematic errors are now of comparable size to the statistical errors. All measurements are satisfactorily described by several of the existing F 2 parametrisations, e.g. GRV(HO) 12] and SaS 13] .
The evolution of F 2 with Q 2 has been studied for di erent bins in x pro ting of the large accessible Q 2 range. A summary of the F 2 measurements as a function of Q 2 at medium x is shown in Fig 3. Unfortunately, the di erent experiments quote their results for di erent ranges in x. This makes a comparison more di cult, because the predictions for di erent ranges in x start to be signi cantly di erent for Q 2 > 100 GeV 2 , as can be seen in Fig. 3 
CONCLUSION
Informations on the photon structure in a large range in Q 2 and x have been obtained at LEP based on measurements of photon structure functions. The QED predictions of the structure of the photon are found to be in good agreement with the experimental results. Concerning the hadronlike structure of the photon, the logarithmic rise of F 2 with increasing Q 2 is clearly seen, but the predicted rise towards small x can not be established yet.
